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Abstract

Background: Altered circulating levels and genetic variation of B-type natriuretic peptide (BNP), has been
associated with lower bone mineral density (BMD) values and incidence of osteoporosis in peritoneal dialysis
patients, renal transplant recipients, and postmenopausal women. The potential relationship of circulating BNP with
osteoporosis in patients with type 2 diabetes mellitus (T2DM), however, has not yet been studied.

Methods: Circulating BNP levels were measured in 314 patients with T2DM, and participants were divided into
normal BMD group (n = 73), osteopenia group (n = 120), and osteoporosis group (n = 121). The association of
circulating BNP with diabetic osteoporosis and other parameters was analyzed.

Results: Circulating BNP was significantly higher in diabetic osteoporosis subjects than normal and osteopenia
groups (P < 0.01 or P < 0.05). Circulating BNP levels correlated significantly and positively with neutrophil to
lymphocyte ratio, systolic blood pressure, urinary albumin-to-creatinine ratio, and prevalence of hypertension,
peripheral arterial disease, diabetic retinopathy, peripheral neuropathy, and nephropathy, and negatively with
triglyceride, fasting blood glucose, lymphocyte count, hemoglobin, estimated glomerular filtration rate,
bilirubin, osteoporosis self-assessment tool for Asians, BMD at different skeletal sites and corresponding T
scores (P < 0.01 or P < 0.05). After multivariate adjustment, circulating BNP remained independently significantly
associated with the presence of osteoporosis (odds ratio, 2.710; 95% confidence interval, 1.690–4.344; P < 0.01).
BMD at the femoral neck and total hip and corresponding T scores were progressively decreased, whereas
the prevalence of osteoporosis was progressively increased with increasing BNP quartiles (P for trend< 0.01).
Moreover, receiver-operating characteristic analysis revealed that the optimal cutoff point of circulating BNP to
indicate diabetic osteoporosis was 16.35 pg/ml.

Conclusions: Circulating BNP level may be associated with the development of osteoporosis, and may be a
potential biomarker for diabetic osteoporosis.
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Background
Type 2 diabetes mellitus (T2DM), a chronic metabolic
disease characterized by insulin resistance and elevated
blood glucose level, impairs multiple organs and
functions, which subsequently leads to microvascular
diseases and macrovascularcomplications [1]. Recent
evidence shows that osteoporosis has been recognized as
another significant skeletal complication of diabetes [2].
It is estimated that > 200 million people have osteopor-
osis worldwide, posing great public health and economic
burdens on society. Bone mineral density (BMD), an in-
dication of bone mass and mineralization, is recognized
as one of the major determinants of bone strength and a
major tool to detect osteoporosis and predict fracture
risk in the general population [3]. Interestingly, epi-
demiological studies have found that although BMD
values are reduced, normal, or increased in patients with
T2DM, compared with non-diabetic patients, the risk of
fracture is increased [1, 4, 5], indicating that increased
risk of fractures may be due to impaired bone quality
and extra-bone factors [1], however, the underlying
mechanism has not been clearly determined, and there
are few effective therapies for diabetic osteoporosis.
Therefore, it is of great significance to find clinically
suitable indicators of osteoporosis for the early preven-
tion and treatment of diabetic osteoporosis.
Heart failure (HF), characterized by prolonged activation

of the neuroendocrine system ranging from sympathoadre-
nal system, natriureticm peptides,renin-angiotensin-aldos-
terone system (RAAS) and to updated markers of
osteoprotegerin [6], is also a major cardiovascular compli-
cation of diabetes mellitus. There is evidence that HF is
associated with low vitamin D, accelerated bone loss and
therefore osteoporosis and increased risk of fractures,
particularly in the hip region [7, 8], suggest that there is a
close relationship between HF and osteoporosis, and they
may share common pathogenic mechanisms [7, 9]. B type
natriuretic peptide (BNP) is a neurohormone produced in
and secreted from the heart in response to ventricular
dilatation, pressure overload and ischemic injury, and its
levels rise with age and are affected by gender, renal
function, comorbidity and drug therapy [10, 11]. Numerous
studies showed that circulating BNP significantly increases
in patients with HF, rising in line with New York Heart
Association (NYHA) class, and has emerged as a reliable
marker for HF and left ventricular dysfunction [12].
Collectively, these data suggested that a potential
association may exist between circulating BNP and the
development of osteoporosis. Indeed, BNP mediates a
variety of biological effects, including diuresis/natriuresis,
peripheral vasodilation, relaxing the myocardium, anti-
fibrosis, anti-inflammatory, anti-atherosclerosis, promotion
of lipolysis and lipid oxidation, prevention of weight loss
and suppression of the renin-angiotensin system (RAS)

[7, 13–15], whereas weight loss, dyslipidemia, hyperten-
sion, atherosclerosis, vasculopathy, inflammation, and ac-
tivation of the RAS have been associated with accelerated
bone loss and therefore osteoporosis and increased risk of
fractures [9, 16, 17], suggesting that BNP has the osteo-
protective properties. Consistently, it has been reported
that transgenic mice overexpressing BNP presented with
skeletal overgrowth [18].
However, several studies have found that circulating

N-terminal pro-BNP (NT-proBNP), a biologically inactive
fragment of BNP, was associated with lower BMD values
and T-scores at the lumbar spine (LS) in renal transplant
recipients and peritoneal dialysis patients [16, 17]. These
findings regarding the association of BNP with BMD
values and osteoporosis are inconsistent and controversial,
and no studies, as yet, have evaluated the association of
circulating BNP with diabetic osteoporosis.
Therefore, the present study was designed to compare

circulating BNP, cardio-metabolic parameters, inflam-
matory markers, and other vascular complications in
Chinese population of T2DM patients with and without
osteoporosis and assess their contributions to diabetic
osteoporosis in such patients.

Methods
Study population
A total of 314 T2DM patients aged 45–87 years in our
inpatient department between August 2012 and September
2015, who completed the measurement of BMD and circu-
lating BNP were finally enrolled in the cross-sectional
study. All patients met the all inclusion criteria and the
most exclusion criteria as described previously [19]. We
also excluded the patients who had cardiac arrhythmias
including atrial fibrillation, aortic stenosis, myocardial
infarction or unstable angina within previous 3months, un-
controlled hypertension> 180/100mmHg, acute respiratory
failure, thromboembolic disease, hematological system
diseases, acute or chronic infection, autoimmune disease
such as Behcet’s disease, chronic periodontitis, psoriasis,
psoriatic arthritis, rheumatoid arthritis, ankylosing spondyl-
itis, Kawasaki Disease, and synovitis, gastrointestinal system
diseases, alcohol abuse, cigarette smoking (former or
current), inability to ambulate, impaired cognitive function,
malignancies, pregnancy or lactation.

Clinical and biochemical measurements
All subjects completed a standard questionnaire, in-
cluding diabetic duration, lifestyle habits (alcohol con-
sumption and cigarette smoking), previous or current
diseases [diabetic retinopathy (DR), nephropathy (DN),
and peripheral neuropathy (DPN), peripheral arterial
disease (PAD), hypertension, stroke, coronary heart
disease (CHD), and other diseases] and related medications,
and performed a comprehensive physical examination
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according to standard procedures. Body weight, height,
body mass index (BMI), systolic blood pressure (SBP),
diastolic blood pressure (DBP), and pulse pressure (PP)
were measured as described previously [19]. Blood samples
were obtained from all individuals in early morning follow-
ing an overnight fasting of at least 8 h to measured fasting
blood glucose (FBG), glycated hemoglobin A1C (HbA1c),
lipid profiles, including total cholesterol (TC), triglyceride
(TG), high density lipoprotein cholesterol (HDL-C) and
low-density lipoprotein cholesterol (LDL-C), bilirubin,
including total bilirubin (TBIL), direct bilirubin (DBIL) and
indirect bilirubin (IBIL), serum creatinine, cystatin C,
calcium, alkaline phosphatase (ALP), hemoglobin (Hb),
white blood cell (WBC), neutrophil and lymphocyte counts,
neutrophil to lymphocyte ratio (NLR), fibrinogen, and cir-
culating BNP. Circulating level of BNP was quantified using
an immunocheminoluminometric assay according to the
manufacturer’s instruction, and its normal range was 0–
100 pg/ml. Urinary microalbumin and creatinine, urinary
albumin-to-creatinine ratio (ACR), estimated glomerular
filtration rate (eGFR), ankle-brachial index (ABI), vibration
perception thresholds (VPT), 10 g Semmes-Weinstein
monofilament (SWM) evaluation, and two-field fundus
photography of eyes were determined, as we described
previously [19, 20]. Osteoporosis Self-Assessment Tool for
Asians (OSTA) index can be calculated using the formula
of (weight in kilograms–age in years) × 0.2 [21].

BMD measurement and diagnosis of osteoporosis
The areal BMD values of the LS, femoral neck (FN) and
total hip (TH) were measured by dual X-ray absorpti-
ometry (DXA) using a GE Lunar Prodigy and were
expressed as g/cm2, as well as in T scores (deviation
from the peak BMD) [19]. Self-reported fragility fractures,
including fractures of axial (ribs, lumbar and thoracic
vertebrae) and peripheral bones (forearm, humerus and
femur) that resulted from minimal or moderate trauma,
were verified, as we described previously [19, 22]. Those
patients, who had traumatic fractures and fractures occur-
ring at sites not characteristic of bone fragility (face, skull,
tibia, fibula and femoral diaphysis), were excluded from
the analysis [22]. In our present study, diabetic osteopor-
osis was diagnosed according to T score at any of sites on
the LS, FN and TH and self-reported fragility fractures
[19, 23]. All participants were subsequently divided into
three groups: normal group (n = 73), osteopenia group
(n = 120), and osteoporosis group (n = 121).

Statistical analysis
All data were first analyzed for normal distribution using the
Kolmogorov-Smirnov test, and then Levene’s test is used to
test the assumption of homogeneity of variance. Data are
expressed as mean± standard deviation (SD) for continuous
variables or number (percentages) for categorical variables.

Differences among more than three or more groups
were assessed using one-way analysis of variance
(ANOVA) (continuous variables with normally distribu-
tion and homogeneity of variance), or the Kruskal-Wallis
test (covariates with nonparametric distribution and/or
variance uneven). Correlation analysis was used to evalu-
ate the relationship between circulating BNP and other
variables. The associations of circulating BNP and other
variables with the risk of osteoporosis were performed by
the univariate and multivariable logistic regression ana-
lyses. Odds ratios (OR) and 95% confidence intervals (CI)
were estimated. Then, all patients were divided into four
quartile groups by circulating BNP level: Q1 (circulating
BNP < 9.27 pg/ml) (n = 78), Q2 (9.27 pg/ml ≤ circulating
BNP ≤ 21.77 pg/ml) (n = 79), Q3 (21.77 pg/ml < circulating
BNP ≤ 60.35 pg/ml) (n = 79), and Q4 (60.35 pg/ml < circu-
lating BNP) quartile groups (n = 78), and parameters re-
lated to osteoporosis among four groups were compared.
Last, receiver operating characteristic (ROC) curve ana-
lysis was performed to determine the optimal cut-off point
of circulating BNP for the diagnosis of osteoporosis.
All analyses were conducted using the Statistical Package

for Social Sciences version 20.0 (SPSS, Chicago, IL), and a
two-sided P value of < 0.05 was considered statistically
significant.

Results
Circulating BNP and other clinical characteristics of
studied population
Table 1 summarizes the anthropometric, biochemical
and clinical parameters of studied population. There
were significant differences in anthropometric parame-
ters (gender distribution, age, height, and weight),
biomarkers of inflammation (lymphocyte count, NLR
and Hb), prevalence of vascular diseases (stroke, PAD,
and DN) and related indexes (PP, eGFR, ABI, and VPT),
bone metabolism markers (calcium, ALP, and OSTA),
BMD at different skeletal sites and corresponding T
score, and prevalence of clinical fractures among three
groups. When compared with those with normal BMD
and osteopenia, T2DM patients with osteoporosis had
significantly more female subjects, older age, larger
proportions of stroke and PAD, higher NLR and BNP,
and lower height, weight, lymphocyte count, Hb, ABI,
calcium, OSTA, BMD at different skeletal sites and
corresponding T scores (P < 0.01 or P < 0.05; Table 1
and Fig.1). They also had higher PP, VPT and prevalence
of stroke and PAD, and lower eGFR, as compared to
individuals with normal BMD (P < 0.01 or P < 0.05; Table 1).

Association of circulating BNP with anthropometric,
biochemical and clinical parameters in study subjects
In T2DM patients, circulating BNP levels had positive
correlation with age, diabetic duration, cystatin C, NLR,
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Table 1 Circulating BNP and other clinical characteristics between T2DM patients with and without osteoporosis (x̄±s)

Normal
(n = 73)

Osteopenia
(n = 120)

Osteoporosis
(n = 121)

P Value

Male/Female 39/34 50/70 16/105**## 0.000

Diabetic duration (years) 7.11 ± 5.91 8.60 ± 7.19 9.43 ± 7.46 0.134

Age (years) 59.32 ± 11.98 64.12 ± 8.76* 69.49 ± 7.89**## 0.000

Height (cm) 161.98 ± 8.35 158.19 ± 7.75** 152.71 ± 11.83**## 0.000

Weight (kg) 65.86 ± 10.73 61.95 ± 9.38* 56.96 ± 13.55**## 0.000

BMI (kg/m2) 25.02 ± 3.00 24.91 ± 3.99 23.83 ± 4.33 0.058

SBP (mmHg) 132.14 ± 21.95 134.84 ± 21.80 136.71 ± 23.89 0.396

DBP (mmHg) 70.44 ± 12.01 69.73 ± 12.23 67.74 ± 13.53 0.291

PP (mmHg) 61.70 ± 19.77 65.12 ± 18.54 68.97 ± 20.65* 0.041

TC (mmol/L) 4.89 ± 109 4.81 ± 1.29 4.79 ± 1.22 0.849

TG (mmol/L) 2.31 ± 1.48 2.20 ± 1.97 1.91 ± 1.08 0.182

HDL-C (mmol/L) 1.13 ± 0.28 1.23 ± 0.40 1.25 ± 0.37 0.068

LDL-C (mmol/L) 2.89 ± 0.85 2.74 ± 1.01 2.82 ± 1.02 0.594

FBG (mmol/L) 10.40 ± 4.49 11.44 ± 6.20 10.25 ± 5.70 0.298

HbA1c (%) 9.86 ± 2.38 9.54 ± 2.62 9.12 ± 2.45 0.118

Calcium (mg/dL)a 9.67 ± 1.16 9.51 ± 1.09 9.21 ± 1.41**# 0.003

ALP (U/L) 93.56 ± 47.76 79.29 ± 39.98** 95.36 ± 46.67## 0.000

Creatinine (μmol/L) 77.23 ± 50.41 82.12 ± 72.08 79.75 ± 69.91 0.516

eGFR (mL/min/1.73 m2) 91.88 ± 31.76 85.24 ± 26.55 79.33 ± 26.66** 0.007

ACR (mg/g) 362.60 ± 151.53 132.57 ± 43.85 325.48 ± 79.67 0.143

Cystatin C (mg/L) 1.05 ± 0.48 1.12 ± 0.54 1.22 ± 0.68 0.181

WBC count (*109 /L) 6.90 ± 2.06 6.88 ± 2.65 7.42 ± 3.94 0.341

Neutrophil count (*109 /L) 4.68 ± 1.78 4.67 ± 2.42 5.52 ± 3.94 0.273

Lymphocyte count (*109/L) 1.67 ± 0.62 1.67 ± 0.76 1.42 ± 0.56**## 0.006

NLR 3.26 ± 0.28 3.35 ± 0.24 4.86 ± 0.49**## 0.003

Fibrinogen (g/L) 3.70 ± 1.15 3.52 ± 1.17 3.98 ± 1.47 0.094

Hb (g/L) 130.58 ± 23.53 127.31 ± 17.96 118.86 ± 19.39**## 0.000

TBIL (μmol/L) 11.48 ± 3.85 12.29 ± 5.54 11.33 ± 4.36 0.263

DBIL (μmol/L) 4.11 ± 1.53 4.35 ± 2.22 4.20 ± 1.63 0.660

IBIL (μmol/L) 7.37 ± 2.67 7.93 ± 3.89 7.12 ± 3.25 0.175

ABI 1.04 ± 0.15 1.03 ± 0.13 0.96 ± 0.20*# 0.010

VPT (V) 16.50 ± 8.81 19.02 ± 10.15 20.98 ± 10.95* 0.014

OSTA 1.23 ± 0.35 −0.49 ± 0.23** −2.60 ± 0.27**## 0.000

Bone metabolism

LS BMD (g/cm2) 1.120 ± 0.148 0.990 ± 0.102** 0.811 ± 0.114**## 0.000

LS T score 0.40 ± 0.16 −0.75 ± 0.09** −2.43 ± 0.10**## 0.000

FN BMD (g/cm2) 0.926 ± 0.107 0.805 ± 0.086** 0.678 ± 0.094**## 0.000

FN T score −0.46 ± 0.11 −1.42 ± 0.07** −2.18 ± 0.07**## 0.000

TH BMD (g/cm2) 0.875 ± 0.100 0.759 ± 0.081** 0.623 ± 0.085**## 0.000

TH T score −0.85 ± 0.08 −1.64 ± 0.06** −2.72 ± 0.06**## 0.000

Fragility fractures 0 (0.00%) 0 (0.00%) 25 (20.66%)* *## 0.000

Macrovascular complications

Hypertension (n, %) 41 (56.16%) 69 (57.50%) 73 (60.33%) 0.830

CHD (n, %) 9 (12.33%) 20 (16.67%) 19 (15.70%) 0.710

Stroke (n, %) 10 (13.70%) 28 (23.33%) 36 (29.75%) * 0.039
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Table 1 Circulating BNP and other clinical characteristics between T2DM patients with and without osteoporosis (x̄±s) (Continued)

Normal
(n = 73)

Osteopenia
(n = 120)

Osteoporosis
(n = 121)

P Value

PAD (n, %) 5 (6.85%) 13 (10.83%) 23 (19.01%) * 0.034

Microvascular complications

DN (n, %) 27 (36.99%) 47 (39.17%) 63 (52.07%) 0.056

DR (n, %) 10 (13.70%) 17 (14.17%) 13 (10.74%) 0.701

DPN (n, %) 17 (23.29%) 38 (31.67%) 41 (33.88%) 0.285

Hypoglycemic drugs

Metformin 43 (58.90%) 61 (50.83%) 66 (54.55%) 0.453

Sulfonylurea 27 (36.99%) 49 (40.83%) 53 (43.80%) 0.682

Alpha-glucosidase inhibitor 18 (24.66%) 42 (35.00%) 31 (25.62%) 0.165

Insulin 30 (41.10%) 64 (53.33%) 51 (42.15%) 0.168

Antihypertensive drugs

ACEI 7 (9.59%) 14 (11.67%) 10 (8.26%) 0.690

ARB 23 (31.51%) 35 (29.17%) 38 (31.40%) 0.879

Beta-blockers 5 (6.85%) 11 (9.17%) 9 (7.44%) 0.837

α-blockers 4 (5.48%) 3 (2.50%) 5 (4.13%) 0.546

Calcium channel blockers 21 (28.77%) 29 (24.17%) 35 (28.93%) 0.619

Data are mean ± SD. SD standard deviation; BMI body mass index; SBP systolic blood pressure; DBP diastolic blood pressure; PP pulse pressure; TC total
cholesterol; TG triglyceride; HDL-C high-density lipoprotein cholesterol; LDL-C low-density lipoprotein cholesterol; FBG fasting blood glucose; HbA1c
glycated hemoglobin A1c; Calcium (mg/dL)a = serum calcium concentration (mg/dL) + 0.8 × [4.0(g/dL)- serum albumin concentration (g/dl)]; ALP alkaline
phosphatase; eGFR stimated glomerular filtration rate; ACR albumin- to-creatinine ratio; WBC white blood cell; NLR neutrophil to lymphocyte ratio; Hb
hemoglobin; TBIL total bilirubin, DBIL direct bilirubin, IBIL indirect bilirubin, ABI Ankle-brachial index; VPT vibration perception threshold; OSTA
osteoporosis self-assessment tool for Asians; LS lumbar spine; FN femoral neck; TP total hip; CHD coronary heart disease; PAD peripheral arterial disease;
DN diabetic nephropathy; DR diabetic retinopathy; DPN diabetic peripheral neuropathy; ACEI angiotensin converting enzyme inhibitors; ARB angiotensin
receptor antagonists; T2DM type 2 diabetes mellitus. Vs. Normal group, *P < 0.05, **P < 0.01; vs. Osteopenia group, #P < 0.05, ##P < 0.01

Fig. 1 Circulating levels of BNP among three groups. Vs. Normal group, *P < 0.01; vs. Osteopenia group, #P < 0.05
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and prevalence of osteoporosis, hypertension (SBP and
PP), PAD, DR, DPN (VPT values), and DN (urinary
ACR and creatinine), and negative correlation with TG,
FBG, bilirubin (TBIL and IBIL), eGFR, calcium, lympho-
cyte count, Hb, OSTA, and BMD at different skeletal
sites and corresponding T scores (P < 0.01 or P < 0.05;
Table 2).

Multivariable-adjusted ORs for the association of
circulating BNP with increased presence of osteoporosis
in study subjects
As shown in Table 3, univariate logistic regression ana-
lysis revealed that BMI, TG, HbA1c, calcium, lympho-
cyte count, and Hb were associated negatively with the
presence of osteoporosis, whereas gender, age, diabetic
duration, PP, HDL-C, NLR, circulating BNP, VPT, and
prevalence of stroke, PAD, and DN positively correlated
with the presence of osteoporosis. Importantly, circulat-
ing BNP remained independently significantly associated
with the presence of osteoporosis after adjusting for all
confounding variables when assessed in a multiple logis-
tic regression model (OR, 2.710; 95% CI, 1.690–4.344;
P < 0.01).

Parameters related to diabetic osteoporosis across
quartiles of circulating BNP levels in patients with T2DM
As shown in Table 4, the result indicated that BMD at
the FN and TH and corresponding T scores were pro-
gressively decreased, and age and the prevalence of
osteoporosis was progressively increased with increasing
circulating BNP quartiles (all P for trend< 0.01; Table 4).
Compared to the lowest quartile of BNP, the highest
quartile had significantly older age and higher risk of
prevalence of osteoporosis (all P < 0.01).

The predictive value of circulating BNP in detecting
osteoporosis in patients with T2DM
The results of ROC curves revealed that the best cutoff
value for circulating BNP to predict osteoporosis was
16.35 pg/ml (sensitivity: 73.6%, specificity: 54.8%, and
area under curve 0.671) in patients with T2DM (Fig.2).

Discussion
To date, this was the first study to explore the relation-
ship between circulating BNP and the risk of diabetic
osteoporosis. We found that circulating BNP signifi-
cantly increased in T2DM patients with osteoporosis,

Table 2 Linear correlation analysis of variables associated with circulating BNP in study subjects

Variables r P Value Variables r P Value

Gender 0.107 0.058 NLR 0.152 0.008

Diabetic duration 0.182 0.001 Fibrinogen 0.107 0.142

Age 0.345 0.000 Hb −0.431 0.000

BMI − 0.014 0.809 TBIL −0.131 0.022

Height −0.074 0.204 DBIL −0.046 0.419

Weight −0.047 0.417 IBIL −0.164 0.004

SBP 0.271 0.000 ABI −0.079 0.196

DBP −0.095 0.091 VPT 0.190 0.002

PP 0.348 0.000 OSTA −0.247 0.000

TC −0.086 0.135 LS BMD −0.154 0.006

TG −0.158 0.006 LS T score −0.157 0005

HDL-C 0.067 0.249 FN BMD −0.287 0.000

LDL-C −0.051 0.381 FN T score −0.241 0.000

FBG −0.126 0.026 TH BMD −0.302 0.000

HbA1c −0.083 0.141 TH T score −0.306 0.000

Calcium −0.217 0.000 Fragility fractures 0.055 0.336

ALP 0.047 0.408 Osteoporosis 0.239 0.000

Creatinine 0.113 0.046 Hypertension 0.150 0.008

eGFR −0.246 0.000 CHD 0.094 0.098

ACR 0.359 0.000 Stroke 0.049 0.391

Cystatin C 0.253 0.000 PAD 0.212 0.000

WBC −0.042 0.459 DN 0.281 0.000

Neutrophil count 0.017 0.762 DR 0.113 0.045

Lymphocyte count −0.213 0.000 DPN 0.133 0.018
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and was independently and positively correlated with the
prevalence of osteoporosis. Moreover, BMD at the FN
and TH and corresponding T scores were progressively
decreased, whereas the prevalence of osteoporosis was
progressively increased with increasing circulating BNP
quartiles. Further, we showed that circulating BNP was
found to predict the presence of diabetic osteoporosis.
These findings suggest that circulating BNP may be a
useful biomarker of osteoporosis, and high circulating
BNP may associate with an increased risk of diabetic
osteoporosis.
BNP, a 32-amino acid neurohormone, and its inactive

cleavage product NT-proBNP are predominantly synthesized

at equimolar levels by the ventricle myocytes and release into
the circulation in response to ventricular dilatation, pressure
overload or myocardial ischemia [13, 14]. Wang et al. and
Lee et al. found that increased serum NT-proBNP was asso-
ciated with lower T-scores at the LS, and serum NT-proBNP
was independently and negatively associated with poor BMD
values at the LS in peritoneal dialysis patients and renal
transplant recipients [16, 17]. Moreover, Kajita et al. per-
formed a quantitative trait locus analysis and a longitudinal
follow-up study of 378 Japanese postmenopausal women
over 5 years, and showed that genetic variation of BNP gene
may be an important determinant of postmenopausal osteo-
porosis, in part through the mechanism of accelerated bone

Table 3 Binary logistic regression analyses of variables contributing to osteoporosis in patients with T2DM

Variables Univariate analysis Multivariate analysis

B OR (95% CI) P Value B OR (95% CI) P Value

BNP 0.997 2.710 (1.690–4.344) 0.000 1.549 4.706 (1.363–16.250) 0.014

Gender 2.019 7.528 (3.743–15.139) 0.000 3.382 29.419 (3.754–230.558) 0.001

Age 0.104 1.110 (1.071–1.151) 0.000 0.155 1.168 (1.073–1.271) 0.000

Diabetic duration 0.051 1.053 (1.006–1.102) 0.027

BMI −0.080 0. 923 (0.853–0.999) 0.046

PP 0.018 1.018 (1.003–1.033) 0.018

TC −0.075 0.928 (0.721–1.194) 0.560

TG −0.256 0.774 (0.608–0.986) 0.038

HDL-C 1.162 3.197 (1.208–8.460) 0.019

LDL-C −0.082 0.922 (0.677–1.254) 0.603

FBG −0.005 0.995 (0.941–1.051) 0.848

HbA1c −0.126 0.882 (0.782–0.995) 0.041

Calcium −0.266 0.766 (0.607–0.967) 0.025

ALP 0.001 1.001 (0.994–1.007) 0.798

Cystatin C 0.522 1.685 (0.923–3.075) 0.089

WBC count 0.050 1.051 (0.956–1.157) 0.304

Neutrophil count 0.092 1.097 (0.981–1.225) 0.103

Lymphocyte count −0.747 0.474 (0.283–0.794) 0.005

NLR 0.145 1.156 (1.019–1.311) 0.024

Fibrinogen 0.160 1.174 (0.879–1.568) 0.277

Hb −0.031 0.969 (0.952–0.986) 0.000

TBIL −0.009 0.991 (0.924–1.063) 0.804

DBIL 0.036 1.037 (0.860–1.249) 0.704

IBIL −0.027 0.974 (0.884–1.072) 0.586

VPT 0.048 1.049 (1.012–1.088) 0.009

Hypertension 0.171 1.187 (0.659–2.138) 0.568

CHD 0.281 1.325 (0.565–3.107) 0.518

Stroke 0.901 2.462 (1.133–5.350) 0.023

PAD 1.161 3.192 (1.156–8.811) 0.025

DN 0.615 1.851 (1.022–3.352) 0.042

DR −0.277 0.758 (0.314–1.830) 0.538

Beta is the standardized coefficient and measures the influence of each variable on osteoporosis; OR is the odds ratio and refers to the risk of osteoporosis
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loss [24]. In agreement with previous studies, we found that
T2DM patients with osteoporosis had significantly higher
circulating BNP, and circulating BNP was correlated posi-
tively with the prevalence of osteoporosis, and negatively
with BMD at different skeletal sites and corresponding T
scores, and OSTA, which could be used conservatively to
identify individuals who are likely to have low BMD and clas-
sify the risk of osteoporosis [21]. Moreover, circulating BNP
remained independently significantly associated with the
presence of osteoporosis after adjusting for all confounding

variables. Additionally, circulating BNP was found to predict
the presence of diabetic osteoporosis. These data suggest that
altered circulating BNP and genetic variation of BNP may
play an important role in the development of diabetic
osteoporosis. Considering that the potential osteoprotective
property of BNP reported by some studies [7, 9, 13–17] and
the cumulative effects of natriuretic peptides oppose the
physiologic abnormalities of HF, instead of begetting HF [7],
there is a possibility that circulating BNP may be upregulated
to compensate for lower BMD and increased risk of
osteoporosis in response to cardio-metabolic risk factors,
inflammation orvascular damage in T2DM patients, and
circulating BNP might be a potential biomarker for osteopor-
osis in patients with T2DM. However, further investigations
are needed to confirm the potential role of circulating BNP
in the development of diabetic osteoporosis.
Numerous studies have demonstrated that chronic

low-grade inflammation and oxidative stress were in-
volved in the initiation and development of osteoporosis
[3, 22, 25, 26]. NLR has been reported as a novel marker
for systemic inflammation in recent studies [27]. There
is evidence that bilirubin at normal to mildly elevated
levels, a byproduct of normal hemoglobin breakdown in
mammals, exerts anti-oxidative, anti-inflammatory, and
immunoregulatory activities [19, 20]. Our study showed
that T2DM patients with osteoporosis had significantly
higher NLR and nonsignificantly increased fibrinogen,
and significantly lower lymphocyte counts and Hb and
nonsignificantly decreased bilirubin. Moreover, lympho-
cyte counts, NLR, and Hb were associated with the pres-
ence of diabetic osteoporosis. These findings provided
further evidence that a dysregulated inflammatory re-
sponse played an important role in the development of
diabetic osteoporosis. Exposure of cultured rat myocytes
to lipopolysaccharides and pro-inflammatory cytokines
was associated with a increase in expression of BNP

Table 4 Parameters related to diabetic osteoporosis across quartiles of circulating BNP levels in patients with T2DM

Variables Circulating BNP quintiles P Value

Q1
(n = 78)

Q2
(n = 79)

Q3
(n = 79)

Q4
(n = 78)

Age (years) 59.59 ± 9.10 64.04 ± 9.91** 68.11 ± 8.89**## 68.53 ± 9.89**## 0.000

LS BMD (g/cm2) 0.998 ± 0.154 0.995 ± 0.189 0.968 ± 0.183 0.942 ± 0.173* 0.151

LS T score − 0.922 ± 0.155 −0.959 ± 0.189 −1.204 ± 0.184 −1.434 ± 0.175 0.144

FN BMD (g/cm2) 0.844 ± 0.129 0.797 ± 0.139 * 0.764 ± 0.125** 0.733 ± 0.121**## 0.000

FN T score −1.075 ± 0.120 −1.415 ± 0.124 * − 1.599 ± 0.106 ** −1.881 ± 0.110 **## 0.000

TH BMD (g/cm2) 0.787 ± 0.124 0.755 ± 0.136 0.713 ± 0.127 **# 0.680 ± 0.113 **## 0.000

TH T score −1.460 ± 0.103 −1.718 ± 0.113 −2.039 ± 0.110** ## −2.274 ± 0.098**## 0.000

Fragility fractures (n, %) 5 (6.41%) 7 (8.86%) 4 (5.06%) 9 (11.54%) 0.359

Osteoporosis (n, %) 18 (23.08%) 28 (35.44%) 36 (45.57%)* 39 (50.00%)* * 0.003

Osteopenia (n, %) 31 (39.74%) 34 (43.04%) 30 (37.97%) 25 (32.05%) 0.551

Data are mean ± SD. vs. Q1, *P < 0.05, **P < 0.01; vs. Q2, #P < 0.05,##P<0.01

Fig. 2 ROC analysis of circulating B-type natriuretic peptide (BNP) to
indicate osteoporosis for T2DM patients. AUC = 0.671; 95% CI, 0.591–
0.752; P = 0.000; identified BNP cutoff value = 16.35 pg/ml; Youden
index = 0.284; sensitivity: 73.6%; specificity: 54.8%
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mRNA and secretion of protein in a dose-dependent
manner [28]. Similar results were obtained in cultured
neonatal rat cardiocytes and rat ventricular myocytes
[29]. Additionally, in vitro in human adipocytes, BNP
enhances adiponectin secretion, which has anti-
inflammatory properties [30], indirectly suggesting that
BNP may exert anti-inflammatory effect. Clinical studies
also demonstrated that inflammation might lead to in-
creased secretion or decreased degradation of natriuretic
peptide, which might explain, at least partly, elevated
levels of natriuretic peptide [29]. These findings together
revealed that BNP may exert an anti-inflammatory effect,
and circulating BNP may compensatorily increase in
response to inflammatory. Consistent with previous
studies [31], our data showed that circulating BNP was
positively associated with NLR, and negatively with
lymphocyte count, bilirubin, and Hb. Collectively, these
data suggested that a compensatory increase in circulat-
ing BNP due to inflammation may exert beneficial ef-
fects on bone metabolism in patients with diabetic
osteoporosis, further studies are needed to fully elucidate
its mechanism of action.
There is growing evidence that systemic vasculopathy

due to increased inflammation and oxidative stress may
lead to atherosclerosis-related intraosseous ischemia and
may be involved in the development of osteoporosis and
fractures [3, 22, 32]. ABI, a noninvasive diagnostic bio-
marker for lower-extremity PAD, has been reported to
be associated with increased incidence of cardiovascular
events and mortality. VPT, an indicator of confirmed
clinical neuropathy, can reflect the clinical severity of
DPN. Our present results provide further evidence that
diabetic microvascular and macrovascular complications
may contribute to the development of diabetic osteopor-
osis by decreasing blood flow to the bones and influen-
cing bone turnover, since we showed that T2DM
patients with osteoporosis had significantly lower eGFR,
higher VPT values, arterial stiffness as measured by PP,
and prevalence of stroke and PAD as reflected by lower
ABI compared with individuals with normal BMD, and,
moreover univariate logistic regression analysis revealed
that the prevalence of stroke, PAD, PP, DN, and VPT
values were associated with the presence of osteoporosis,
in accordance with previous studies [3, 22, 32, 33]. We
further showed that circulating BNP had significant
positive correlation with PP and prevalence of PAD, DR,
DPN as evidenced by higher VPT, and DN as reflected
by elevated serum creatinine, urinary ACR, and cystatin
C, and lower eGFR, in line with previous reports [34–41].
Chronic excess of BNP in mice was reported to prevent
diabetic glomerular injury, and improve albuminuria and
renal dysfunction [35]. Welsh et al. performed a case-
cohort study of 439 patients with incident microvascular
events (new or worsening DN or DR) and 2946 noncase

subjects, and found that plasma NT-proBNP was higher
among case subjects, and the hazard ratios for micro-
vascular events per 1-SD increase in NT- proBNP was
1.63 after adjustment for potential confounding factors
[36]. Two studies conducted by Jurado et al. and Hamano
et al. have reported a significant positive relationship
between NT-proBNP levels and the presence of DPN, in-
dependently of previous cardiovascular disease and related
risk factors in T2DM patients [34, 36]. Transgenic mice
with overexpression of BNP have accelerated vascular re-
generation in response to hind limb ischemia after experi-
mental femoral artery ligation [37], and higher levels of
circulating NT-proBNP have rencently been reported in
patients with PAD [34, 38]. These data together would in-
dicate the possibility that ischemia and hypoxia due to dia-
betic vascular diseases can lead to BNP production via
wall motion abnormalities and increased wall stress or
that ischemia can directly promote BNP to release,
independent of cardiomyocytes [39, 40], and compensa-
tory increase in circulating BNP in patients with diabetic
osteoporosis may exert osteoprotective effect by promot-
ing vessel creation, regulating vascular inflammation, im-
proving endothelial function, atherosclerosis and blood
supply to the bones [38]. However, the protective effect of
BNP may be weakened due to BNP receptors impairment
in atherosclerosis or ischemic vascular disease [41], but
the detailed mechanism is still unrevealed.
Growing evidence suggests that cardiometabolic risk

factors, including female subjects, advanced age, lower
weight and BMI, longer diabetic duration, dyslipidemia,
hypertension, and hyperglycemia, play an important role
in the pathogenesis of diabetic osteoporosis [9, 16, 17,
22, 32]. Our study findings provided further evidence
that patients with diabetic osteoporosis had significantly
more female subjects, older age and lower weight, and
nonsignificantly longer diabetic duration, higher SBP
and lower BMI, and, further, gender, age, BMI, diabetic
duration, HbA1c, TG, and HDL-C were associated with
the presence of osteoporosis. Moreover, circulating BNP
correlated significantly and positively with age, diabetic
duration, SBP, and prevalence of hypertension, and
correlated negatively with FBG and TG, in agreement
with previous studies [15, 40, 42–44]. Grauslund and
colleagues also reported a positive association of NT-
proBNP with age and duration in T1DM patients, and
women patients had an increase in NT-proBNP due to
the fact that estrogens induce BNP production [15, 43].
Prior studies have demonstrated that circulating NT-

proBNP was elevated in patients with hypertension, and
plasma NT-pro BNP was positively related to blood
pressure levels, especially SBP [40, 44]. Clinical studies
showed that natriuretic peptides had the properties of
dissolving and regulating lipid, and promoting lipid oxi-
dation [7, 15, 16, 40], and cardiac TG content rose due
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to downregulation of cardiac BNP expression in animal
models of obesity [40]. Epidemiological and prospective
studies have shown that circulating NT-proBNP was
negatively associated with FBG [42] and was a negative
predictor of new-onset T2DM [15]. Recent studies have
shown that short-term and chronic BNP infusion
improves glucose tolerance and blood glucose control in
healthy volunteers and in obese diabetic db/db mice,
respectively [15]. Both our hereby presented findings
and results of previous studies suggest that circulating
BNP was associated with cardio-metabolic risk factors,
and may play an important role in the development of
diabetic osteoporosis via antidiabetic, lipids-lowering,
and BP-lowering effects, further studies are needed to
fully elucidate its mechanism of action.
The present study has several limitations. First, the

cross-sectional design of the study did not permit us to
determine any causal relationships of circulating BNP with
diabetic osteoporosis. Thus, further large-scale longitudinal
studies are needed to comfirm our results. Second, imaging
examination was not performed in all T2DM patients.
Thus, highly prevalent non-symptomatic vertebral frac-
tures cannot be ruled out, which would likely underesti-
mate the rule prevalence of diabetic osteoporosis and
fractures. Remarkably, though, self-report of previous phys-
ician diagnosis is often used to assess the rate of osteopor-
osis, fractures, and/or diabetes in large-scale population
studies. We were also unable to distinguish between differ-
ent types of fractures, given the small number of people for
each type of fracture. Third, we did not evaluate the family
history, physical activity, dietary habits, falls, and socioeco-
nomic status that are risk factors of diabetic osteoporosis,
and measure bone metabolism markers (e.g., vitamin D
and parathyroid hormone, tartrate-resistant acid phosphat-
ase 5b, type I procollagen amino terminal peptide, and C-
terminal cross-linking type I collagen of type I collagen).
Despite these limitations, the current study has some
advantages, including relatively large sample size, use of a
standardized method at a single center, and thoroughly
adjustment for possible confounders, which can raise the
reliability of our findings. Moreover, our study, to our
knowledge, provides first clinical evidence regarding the
link between circulating BNP and diabetic osteoporosis.

Conclusions
The present study showed that circulating BNP significantly
increased in T2DM patients with osteoporosis, and circu-
lating BNP was independently and positively correlated
with the prevalence of diabetic osteoporosis, thereby
suggesting that circulating BNP may be used as a useful
biomarker of risk of osteoporosis in T2DM patients. How-
ever, further prospective, large-scale, randomized controlled
studies are warranted to establish our results, and elucidate
the underlying mechanism of the association.
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